v KP.A^MLSAI 



JBIOIXI 1 / 2 



(19) KOREAN INTELLECTUAL PROPERTY OFFICE 




KOREAN PATENT ABSTRACTS 



!iumbe?: ,iCati ° n 010017820 A 

(43)Date of publication of application: 
05.03.2001 



(21) Application number: 990033520 

(22) Date of filing: 14.08.1999 



(71 )Applicant: 
(72)lnventor: 



SAMSUNG ELECTRONICS 
CO., LTD. 

CHOI. SEONG JE 
JANG, YUN HUI 
KIM. YEONG GWAN 
LEE. JONG HO 
LEE. JU WON 
LEE. SANG IN 
LEE, SEUNG HWAN 
LIM, JAE SUN 
PARK, HEUNG SU 
PARK, YEONG UK 



(51)lnt. CI 



H01L 27/10 



(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(57) Abstract: 

PURPOSE: A semiconductor device is provided to 
improve an insulating characteristic of a dielectric 
layer and to increase capacitance of a capacitor 
structure, by forming the dielectric layer by an 
atomic layer deposition method when a polysilicon 
layer is used as a storage electrode, and by forming 
a plate electrode with a material layer of which a 
work function is higher than the storage electrode. 

CONSTITUTION: The first electrode(31 ) is composed 
of a silicon-based material. Reaction materials are 

sequentially supplied to the surface of the first electrode to form a dielectric layer(37). The second 
electrode(39) is formed on the dielectric layer, and a work function of the second electrode is higher than 
the first electrode composed of the silicon-based material. 
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E IS g 6*32] X01 £AI0tl0fl ^Exfl EAI*> BSEOIQ. 

£ 2= B BSS| XII 2 ^AIQtlOil 2J*J- &ESO 4: ft! EA|*J- ESOIQ. 

£ 3 S £ 4^ g£H^ ^EflAjEi S £ 12J ^SHAIEISJ g»EJ £01 (barrier height)^ e^rfl^M 
7HSf3£5 EAIth E30IQ. 

£ 5£ geH2| SIS ?|5BA|E1 a a BS2| MIS 7WAIE1S SSW C[fg E!?!A! SI? §>'Et £Ali> 32H 
EOIQ. 

E 6? §EH°J SIS 5HIH A1E1 3! 5 MIS 9\MME\S\ §^ SOU EAIC HEH^OILK 

£ 7 S E 8? 2« a B32| MIS 9\M AIE1 a ^EH^J SIS 5HIHAIEi°] 3301 KrM SB §EM 

EAIS> 3EH50ID. 

E 9= E 10{| EAI§> ^SHAIEI^ 8S«S[g SXr* S*fH£3 SSAI Zf &Ss°l a Ifl32rSe 

e ice s»s e^raon °jsh saaisra s^ei lew! 3eh^oiq. 

E IIS 3*TH01 2|oKH §SS XPS EIHStS UErtf ESOIQ. 

E 12 a E 13S £ 1 0il EAI§> Bffifl Al Ei^J ggSPI B3EM0ICK 

E 14= a »-goj M)S 5^ an A| El (HI S=2| S^Oil ^SSr^OI §^(a)2F SgSrXI 3 

~ S^(b)2J ^D|h &»S|SJ ATOIM3 ^JJilM LrErtf HEH=OID. 



asw ui usaasKsaaoi saasosi §9^£g i*#Ain ^ as &sa ±» a n as 

SKI 01 £P£J- 2101 Q. 

HB.rejog, bj-^ju ^xh^ 3^21- 2^ Ami Oil SSastOI ^2EI = =?^m Stttkn 21Q. 

Mil MB, 3^ Sh= 4"EI5 ?l» £MI SaasfCHIOlM §3^1) a WIM. 3^01 £*H3 

£3 *f2S MgHXI^Ei S ^ SICK E, tr^ 2^ #011 83a s» a £W 2^01 S 

□SQL ^1 ^¥ S^Hf or^ 2^ AhOIWI SSl^SI 13^^^ DH^ SSoHIK Wl^jCH M 

^HAI^Ei ^SOilAi^ °Sfl|°|2J g^^^Oil COEI- ^HH^l^EiHJ LH^ ^^01 5f^&LK 3HEHAIE1 ^?SOil 
A1= £Sx||Swj ^^m^oil CCrEh ?i5HAI@^Sr2J xhOPI- BfStiO. 

mm, 3MIH AIEH ^^Oil °10\M= Sa^l^HJ I^^OI HH °S^|S»-2| °2I0I M till ^HH AIS^^TOI 
3 Til SICK [CFEI-AL 3^ ^51 gOI^ MEI^EI^^ Sr^ 3^25 ^H, °^#0I ^s 

^lr^(Tac0 5 )0IU BST^t H^3^^o S Xflgorll SICK &il 4r»9KT^l)0 1 U BST 

Sj- ^BJ H°Sif4f xHgW S^CHI^ 5HIHAIE1M ?m^01 ^SSM ^ror= § ^ 

go^l mO\0l orH, ^ 2^ a lit b WCH 01: ufe BSOI 2iQK 5HIHAIE1 

750iiAi= ^EI^EI^eM 2^^^ Ahg5r9AI 2S2!^I°|2] t> f ^AI?l= 2101 



[&ErAI, a ^"SOI 0|=HXI-^ 7IS^ HrX-il ~ ^EISTII Ml'M ol-^ S^^S xHgtT Oil USSi-II^SJ 



&y\ ym^ 2mm mio\. a wem ^eis^i m^'s m\ s^2k ^ 

fe^l 2^ a SI2 ^iHAlEi ^SCHlAi^ 2^ a ^ 2^01 S ^ ^CK £Et>, #?l 

an a «i2 ebhxi^ei ^ohai^ ^ei^ ?i» a >iioim 2=01 1 ^ sick 

£71 X1I2 ngg =^5|, ^OIh^ ESS ii^het 0|#2J ZEti-og OI^OiXITi 

LK 4'EI^Ttl ii^Q g*^^ 3 M^MOI ESS SEI^EI5°I0I 0IS°| 

£7 1 ail 2^ £-0il fe^l »|1 3=SJ 53# *!4=SSrAl?1 £71 °2^l°^ gOI^WI ^ ^> 

ohgf^ wiacH 4-E15 ifS^ v , OIMBJ ^^°|0| Q SSEIO) 4 2iCK £71 
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ssxiisis zixim s^Dii 2jera as§ ^ °»a. 

g ^goj ±»= seistii ggg e^ aigera, aws'sifgoj 2jera sbhsi* 

S#eKQ #^ S=S #71 e^ S^SQ tttteJt e! g§2|^S ^SMJ. 01 DH COEh S2xQ°|2J § 
3^21 * F #AIfJ 4 SiH 71 HH A! El ^OUAIrr ^HAIgi.StS §7WIU 4= 2JD. 

0!§K E3g SieiOl B "j-goj gAIOIIt #Aliei tfSt»0. 

E IS S ^S2J Bil «AI0flOII ojExfl ^Ahe EAItf &SE0IQ. 

a g-goj ^lOAlEi ^£00. ^, £ IT32J BfSExil ^Af^ 3311 3=£g#i 

BHESI 715(31), OtlgJCH gEI = 715 #011 ^SHAIEi2J S = (31)Sh 83SI5K3?)2K HZ 
Ml 3H5HAIE1E1 #« 3 =(39)1 StJtJD. 5. lOilAI, 32tr §2]- §3^1 LHEK3D. 

#71 3^(33)^ W£J 751 Sm^lOII gOIti" ££15711 ia°\ OUSCH 21 §3 §£101 ESS 
■EltfEISSfog qigglQ. 

#71 gsj»sK37)e smiii g»g sara^s sstmh #7i 83sisi"(37)£ 

#71 g^CHI 2jeH3l ^££171 UH^Qii ±g> TltHEIAI ^#01 ^^hLK #71 SSHSK37)S gf 

^0!h mm, ST^DIh TaA, BST, SrTiQ,, PbT i , PZT(PbZrJi«CL), PLZT(La£ ESS 

PZT), Celt, Nh=0s, TiCfc, ZrO.-, Htft, Si(fc, SiN, Si.M Ezr 0112] 

#71 3 = (39)s a. £ |stu 1§!S oM? S^fiD Bitted S ii^£g ?SSQ. #71 # 

¥ S== Al, Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, Ir S2J Ti, TIN, TiAlN, TaN, TiSiN, 

»N, WBN, CoSi Eir W ^2] H^g RuOr, RhOb Err lrQ=§2| E3# tf&SJ Ezr 0112] 2i>o 

S OI^CHAITiU, ^El^| fiSD SltK^f g BHSHU- g£10l ESS lEI£Eltr^0| ^^2§ 

Ul%Tt #^ 3 =(39)01 2j^(33)fi[lh B7\\ £13 ^^£1^ ITOI tl¥ S^(33)0ilAI 

□^1-01, B ^S^i ^E35ll ^AF^ ^EHAIE-IEI §f« 2^(33) ^CHI ^71 SS35ll^(37)2J ^<™m gOlu^l 

^ 4^ Si^ ei-Ss^OB), MSCH ^'EI5 E^ 0|g2| ^tj-^OI *j£EI01 SiLK 

WI3CH, ^71 y§S^(35)S OlgufOI IIH e^ 3^(33) ^ 

£1= &mmO\ fie.' S^CHI #71 3^(33)£J S^l S^SmAlg! ^01 Q, 

E 2^ g XII 2 £ A! OH Oil ^E^i 5AhM EAItJ" ESOIO. 

7x-J|5j^S, B ^SBJ M2 ^ A| Oil Oil Bit]" SJEx-il 5Afe M?HA|^E1 7^01 Q. ^, a ^Ex^l 
Ah- Xill S^^^Ml oj, H|±, M± e^J M^MOI ESS 4'EI^ 715(61) UK ^2x11°^^^ >ll 

OIM ^35|(65)lh, M2 2^£g-W 711 01 M 2^(67)# ^bl^LK 

B §-33 3312 4'AIDIICHI ^Exll iA}^ 3311 £A|0j|2f HI 13^ [[] 7IEK61)0| ol^ 3^ Oil 

CH^EIDI, TilOlM 2^(67)01 #¥ 3=CHI CHgSQ. E 2011 Ad, gSgjiS 62^ M^M ES S^^AM, 
±2± E^ Eai°J UEFtHQK 

#71 711 0| M §9^(65)^ ahgMMM ^n^2.^ g^oF^ £4Af-# #71 711 01 M § 

3^(65)s a^j o JXF# ejera ^^£171 UU^CHI ^gj 71 bH El Al ^^01 °^fEK #71 Til DIM 

^3^(65)^ ^DIh ^mm, TaA, BST, SrliO,, PbTiQ,, PZT, PLZT, Y^, CeO,, 

NbXL TiO., ZrO r , HfO., SiO r , SIN, Si.M, E^ OIMHJ 7«SCK 

#71 711 01 M 2^(67)g ^EI^TII ii£ 5^ 3^(61 )MQ ^tN£7F ^ Ml^S 7#SCK 

#71 7|| 01 M 2^(67)21 mm M3, Al, Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, Ir ^ S^^, Tl, 
TiN, TiAlN, TaN, TISiN, WN, WBN, CoSi E^ W ^2] H^g RuO,, RhO. E^ I rO,g£J ESS 

E^ 0IM2J 5^£g 0| = CHAI71LK ^'EI^TII M§MQ g*^7|- ^ fi^f M^MOI ESEI s 
EI£!EI£SJ0I 0|g°l^^ ^SSCK 

0151711 71I0IM 2)^(67)01 ^JEIE 715(61 )aQ g*N£7> BTfl £12 ^#£1^ Hf-£F &0I fe'EIS 715(61) 
(HI A-i 71I0IM 2^(67)£S HM^ °f ^711^- ^ SiCH 711 01 M ^9^(65)°J ^3^^1 t> p #AIIJ 

□era, S iTS£] ei-ESI ^AF^ ^El^ 7I5(61) #0H #71 71I0|M §3^(65)21 eOluFTII s 

4^ 2IS5h^-(63), WI2CH ^El= ^Sr^l, ^El^ I'f^ Err 0IM3 ^^01 ^#£101 Wl^j 
CH, #71 3"§±^(63)^ SAhe g^TBs OlguFOj SS^I^M LLH £Elr! 715(61) #(HI g^£l 

ir &g!0| g^OII #71 4'EI5 715(61)21 £31 *!^«5hAI2l ^01 D. 

OluHHIAIir ^S21 SSJ# 71IHAIE1 UEKHir Xfl 1 ^AIOIIM gZES era ^3x11 °|2J 13 

^Ser—Eil, 3312 ^AIOIISJ M^AI^EI ^^01IA1 §goF7|| ^g^" 4 2iQ. ^, 71EKA|Ei2J 
E?HA|^Ei2J ^E|= 715011 CHgEIOI, 71HHAIE12J #« S=s bshx|^E12J 71I0IM S^CHI CHSSCK 

£ 3 £ 4 r 2f2f gEHSJ 71SHAIE1 S E 12| 7HA|E-|2J SOI (barrier height )2J §7rt|Sl 

7H^^S EAI*}- E30IQK 

^xll^^S, E 3^ 7HUAIE1BJ SOI SL 1 §7hf|gM UErtf E30IQ. E 32J eEH2J 71 SH 

AiEiir #e^ s^m ^^moi ess lEi^Eitr^^ ^^oFH, SAf# oigera SS 

ai^l 60A ^J)il2J W^OIs ^fr^S §^(OieK "SIS TUHAIErS §^)OIQ. E 4zr E 12] 

711AIE12J S-«2J SOI e7H|Ml UEI-yj E30IQ. E 42] 71 IH Al Ei zr e^ 3=1 £ El 5 711 Ml 

Ej-3 g^ioi ess §ei*!ei5^££ em, siAFe s^tsi oi§era saa^t 6oa ^jjo2i ^oi 
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s 35^ v £5 mil, ^ 3=S 3^ 3^3Cf I^t^h ^ Ti^l£5 72 ^ 2^(0im, "MIS 
9\MHEV£. §t/)0ia. S g-g21 MIS ^IflAIEIQi! KOIAJ, ^ 3=1 TiN^M^lOl ES£J gE|g 
El^s/HS OIS^S 7gl? ^E 2i=a, OIUH g^MOl ESS MejgEl^etS *MEai 

E 3 a E 40i] Ad. S=0|| SBMtfSJ HHDIOi^ 2J^hAI or^ 3=011 S^HBh^ 3WM0I S^(a) 
M £|*f Xill Tci^ SS(41)2K SSSQ^ XtfiiBJ XII 2 g^(43)# l^oKJj 3=£S 

3?jaL E 421 B g-goj 5H EH Al Ei CHI SJCHAI^ £^ 3=011 g bK)|0|^ 32/01 S!?W 3XH£ 
§^(a)M § g^OI ^~ g¥ 2=g tfoll 0I§*?D. OIOH. 5^ 3=a ^ 3=2J2| §»2J 

*Kb--a)(H] 2|« 01 = 013 ?I§7I= §= S»2| nit XlXISfe XI! 3 WtJ" 2^(45)£S SfSSHS 3» 
?f- or^ 3 =011 Ad 3=^ 2§h 5^ ^HuK?l tlHSOll S3xll^2J ^2^201 tf^BQ. 

ME, £W 3=011 ^ HH3I0|± 32/01 2!?hEI9 £° S^(b„ 2!*> HI4 «*J 2£(47a, 

47b) H I SHI 3»§0| 3=(HIA1 uM? 3=£S 0|g§ r ?i:7l- 01^711 BQ. ^o|, E 4£J £ ^32| ^ 
HHAIE12J £71 §« fe0|(b.)7F E 3SQ i?l §^ £0|(b,)^ Qi £7| OflSOfl S SS2| XI] 4 XltJ* 

2£(47b)0| gEH2j X»4 73*^ «g(4?a)£Q 3711 BQ. 

E 5^ gEH2j SIS 5HEHAIE1 g B ITS2| MIS 9\M AlEili 32/011 [&g EI2IXI 3H gE# EAI£> 3 EH 
EOIH, E 6^ gEH2J SIS ?HBAIEi a £ I/S2| MIS IIH A| Ei 2J S« ^OIM EAI& 3EH = 0|Q. 

7xH3££, E 5CHI fi^OI USfSje! BIEfll ±XHHIA1 «eg ^ ^~ EI?|X| 3S tt£e! 1E-7A/cnftt 
[01 g gj-gg M | S ^sjjAlEI^ §EH2J SIS SEBAIEIfiD 2f 0.9V g 0|^g(take off point)! UEI- 

0I£1*> E 4 S E 6CHI LhEFtf ^01 3=S^ 4^ 3=2^2J §» £01 Oil 7I°Jt*0. E 6 

Oil Ai . X^s g« ^01 CHI tSgtfe CHILI XII UERHDL Y^^ ^OIM UEKH^dL Jma>e l25rOflA| 
3^ ^'Ef UEKHM, Jmlng 25*cIHIA1 3^ iEi UEK^a. E 6CHI S50L g bmiCH^ ?aa«A|2| 
EI3g^ ^01 CHI ue^mi-^ CHIUXIM UEhLH^DlL g2H2| SIS 9\MM Ei^ 1.42eVM UEKHH. B ^ 
SHI MIS tH IK Al Ei ^ 2.35eVM UEFtfCK 

OIM M gBHBJ SIS 5HIHAIE12I- £ ^S°| MIS ={ II Al E1 ZHM ^ 2^ ftOIWJ 0.9cfeVM UEHJIDI, 4 V 
J\ ^Olxfe E 4CHI gSt!" ^0IXh(b-a)£f ^Xl^CK CQ-EfAi £ g"S2J MIS ?iSHAIEi~ ^| 

^OIxhE.^ SEH2J SIS =1IH AlE-IMQh Ol^gOl 371I QAI ^[3, s »^EJ MIS ?HAIE1^ 

gEH^J SIS ^uHAIEiSQ ^ig 3^ ^'E(HIA1 ° c 0.9V gE Q 2^ ^ OH SCHI ^SaiSf2j ^ 
3^A|g ^> SIl, Ol Oil CD-Bh ?1IHAI@^M ^FAIS ^ SEK 

E 7 S E ^ ^ B ^ h S2| MIS 9\ M M Ei a ^BH2J SIS 3HSHAiEi2| 32/CHI COE E|3?|X| 3^ i'Ef 
EAI^ 3EH = 0IQ. 

EI?IXI 3^ ^E^f 1E-70IH, 32/01 1.2V2J ^5.^2] ^IS&OJA) B ^32] MIS PilHAlEi 
o| go Mt[^ t=MW 28A£1S % h ^ Sill, gEH°i SIS 3HHHA|Ei^ g° 41 A£S 7^^" ^ 2i 
Q. 01^ a-AI ^S^i" HKI- g-OI s ^goj M)S ^HHAIEiSJ Ol^g2J 0J-3M 0.9V gE ?\T\?\ [IHgOIEK 

0|§K)ilAi^, ^g2J ?i IB Al Ei UEHJi^ XIII ^ Al Ml CHI IKE ^Exil ^rXF2J X02^Bg £S 

m^DIL Xil2 ^AIW|2i ^XI^Ei ^^CHlAi g^^^l ^gW 4^ ^, ?!SHAIEi2J tl^ 3=g M§H 

XI^Ei2J ^El^ 7IEKHI CH§£IE31, HH Al EiBJ ^ E?HXI^E-|2| 3^ CHI CHg^lQ. 3X1, 

B ITS (HI Sit!" 5HIHAIE1 S3ai^2J SS^Bl ^St^Q. 

E E 1011 EAItt ?iSHAIEi2J °^l^f SXF# ^^Al ^ ^§§2] ^ a ffl§2fg# 

UEhtH 3EHE0I3, E ICe £JXh# g^CHI BJ^H ^3^1^121 5^'EM UEI-yi HEH^OIH, E 

IIS S^Oll Sl^hCfl ^3X11^21 XPSE|3^# UEFtf E30IQ. 

=?m^°^., a ^g2J 3HlAIEi S3xl|S[s ^b. ^tHEIXI m^OI SjXh^ g^fg (atomic layer 

deposit ion)^^ S^Ei'EK £ £AltHI(HIAi= S3fl|5M ^OIh 3"t^£^ ^^^^ 2# 01IS PDi 

^st^Q. 3Ein, gy\ ^xi-# gsrss e 9a iroi ^bichi w^dihoi y§^(^§i)t s 

=t»- ^ IHXItJ- Qg, DAI ^ 7^1 liiXl^h- AWIIM £ha 

ofe S^OIQ. [Q-EI-Ai , £ ^S2J £JXtS S^TSg £J^# CHI HI ^ A| (ALE), AKDIM^i 
f^l^e^r(cyclic CVD), CIXI1 fh^|^-g^(digital CM)), AlCVD Eti*>EK 

mq amm asms, e 92f aoi bjem 7ia wigjCH fe'Eis 7is- &w tmaiakch,),], akchjci, 

AlCl,e2J ^OIhOI t/SS ^eMl ^yiCHI Sita iHXIti- Erg, H r 0, NO r , a 

e2j trs ^t\n ffls^^ afoimm $m ^s^o^ ^dih a^ q 4| 

tlU. ^DIqOI */SS Xill ^ggjlf, d+a7^2| Xil2 ^Ell ^xh^j^S W^OIh 
35^1 SStHIK B ^' A| Wl (Hi Al ^ ^DIsOl USS TMAM A^oh^^Di, 35^1-^1 H^h 

AhgUhSEK 

01*711 ohOI ^CH3 S-^DIe 3tr^S E 10SF SOI ^g ?|x|CHI EU-Ef 5^E^h °^FQ. E 10WAL 
^ ^Exil SII0IIH2I g^, S^ESII ?JIOIiti JIE^ 1.75 °!x|2J S^S# 71-XI^ £JQj|Ai 9QE 

4g, ^E^il SHOIE B£m ^I5HS 3.521 X| 2J &S1 ^hXl^ £JOilAi 9QE 2i^2.S. tl 4gOI 

Q. 

HEIH, E 11a a E llbSI- SOI ^Ols 3t^# XPS(x-ray photoe I ectron spectroscopy )^g§|-3 
Al -0 a 0-0 iDHB LI-EhU £!±9} ^DlfeSJ-^S OI^CHSl ^ ^ StD- E Ma a E llbOil A| , X^S 
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1^ OA UAI (binding energy )0j CM, V^S ?r£M(count)g UEKSQ. 

E 12 51 £ 13S E 10U EA|*| S>Extl ±A« 71IiflA]Ei2J «S«W Sltl BSEMOIEK " 

£ 12= S^(33) S 2f§»2K35)S S£Sr= EWIM DEr^Cf. 

BJEifl 7I5, OJSCH £Ei^ 712 e E ^M 19^(32)1 SS^CK 01 QUI, 

£71 12^(32)01 S*£H 7I5K31) ^Oil #71 =^§1 BSKH 4^7! ^Exll ^!S*(31)2F 3 

^tfe S^(33)M ^5|, S o.goj *R(33)£ g£MOI E9E! § El 6' El 5?^ sill- 

"MB ^ El 5 711 ei'°vo^ ^^5^1 [in ° oil Qfofcsi 3 W oj qx 5g ^ ^D. 

01^ (HI, #71 3^ 3^*1 5201) ^Qii SSHStg &§E|7il SgoK7l ?ISKM #71 tl 

* 3^(33)M S71I 2J-§5r^(35)l 1-40A2J = M3 fi«t!CK #71 °^*^U35)£ ^01^01 900*c 3 
AI2J OILH^I SS£5<W, iJ±?1l 71-^M 01 §§1-01 2^ §3 §S (Rapid Thermal process; Olo}- "RTFEr 

tfO), oiyn e^ ME^oh ssoii sisctu, ^eis si i'±7i- 5*ra smie oigufoi giEie 

SS^S SStMIh Eth #71 ^Sfr^(35)^ Ah^Ttl 7h^M 01 So KM Oiyg, »2|£J SEI E 
£ lEf*0F ^ElUrOl £Ei£ tf&SJ£S §#1T ^ E 2iQ. S tf AiH0IAI£ Idb ±2±(nitride 
source), OUSCH &SU0t 7h^(NH 8 ) 0ISSH3I 60£ §E ^ 1^1 E£ 45CTC Oil Ai 3£# » 

212 X1EIM ts§raa. 

CW7IAL EE MB OlgUrOl ygfr^(35)2J ejtrtfl CH^hDI IBStJQ. £ 14= £ BS2J MIS IH 
AIE10II SJCHAi 2^°l S3 Oil »3»S|0I go (a)2f g#^;q Sf-s 3°(b)3 B^DIfe tf» 

^a*!££, 2!"3»SK35)S »^2| SaSI^««A| 83X0 s« SfSEIM «gW 4 2J= ^l> h 
e *JCh ^, *W 2^(33)2] M£#0I ESE! SEI£ f EI5 3E3£ ## ^4^^ ^EHOI^i UH^Oil ±m?l 

^ ^y\m o\mmo\ ssxii^m ^^ai 2^(33) ^(hi ai ^ ^oih ^r^M 

7W 4 SiQ. ^ i £ 142J bCHI S£! Um ^0| &Slr^(35)e S^^rAI S^S 10 AHDIM2J 

TiS^ er^DlH ^SrSIOl ^Stl-Q. HEiLK 2^§f^(35)g Sr^ 2^(33)2| X30I 

^SSQ. 01^711 EI9, £ 1421 5A|^ UF2f ^01 &m?\m 71x1 A! H r S ^DJs ah 

m^ie 4= sioi °_^\n ^dih ^th^g ^ sjck s ^aiwkhiai^ ^§t^(35)e ^ 

SUrS^LK ^SOll COBhAi— °^5r5|# S# ^> 5E SD. 

E 13S SSai^(37)e ^S^r~ E^IM UEFtS Q . 

^1 oF^ 2^(33) W^DIh S ^tF 7r^M ^^^^ ^fcHWi 

mOI SAI- 3^1 §E ^JJih Ojj^CH CH^f 0.5A LHAj 100 A §EBJ ^))||2J ^=D|h ^^^Q. 
OI^CHL #mt! UfSf ^ SAF B7\ gE2| ^]}1|H| ^=0|h Ahfr^M AfOIM(cycle)^ 
b^s ^tS^fOI CH^f 10A LH A| 300A §E2J ^DIh S 2 ^1^(37)1- S^*CK 01 

£F ^oi ^^ei^ ^2xii5|(3?)^ es|-g°j E^nm^oi dh^ mo. m^iw, §hhi 

7f 9:121 7£0ilAi B^KI^Se 9801^^ 7f7^^ 4^ SQ. 

Ol^fHL ^1 S3 fll ^(37)1 ^Stt D§ M^M THl^H, xl^th S tr*l^^2l ^S^l^ll 2 

71 ^1 51-01 ^^XlBlM ^tiorSQ. ^^X-]B|^ 101^01 900*C 3A|^ OILHCHlAi Ah£l^ SL£ «EL 
Oiy , ^ oiyBj, ^ai AhtK l^M ?\±> WI^CH Kr> NHa. 0,, NdOl 01 § 

^ E^ Oiyg Ol^V $ SiQ. OISWIAI a ^AluFOI 3 llrM t>V\ SOU EAI 



(A) 




Ar£|Ai 
El 


Ah jA 

BP 


B± cHyn 


28 


0.7(28.6) 




0.45(27.6) 


0.9 (28.0) 


31 


1.25(30.9) 


1 .55(31 .2) 


1.30(30.2) 


1 .6(30.3) 


33 


1.8(33.1) 


2.05(33.6) 


1.85(32.5) 


2.1(32.6) 



IS. 1)(HiAj, Oiyei^ 750-c(HIAl 30^ 4'A|^ Ara^ x-jEI^ 300XMIAI 2Qn watt^J (HI 

UAIS 10^ SAItt SOIDI, afa ^aHEI^ 750T CHI A1 3^^ 4'A|^ 30|D|, 1'^ Oiyy^ 750*c 
CHI Ai 3^^ 4'AI^ 20ICK 3EIJ3, 4 v 7l[iE 1]2| ^^xlEI^ ^^^M UEUHDI, ^2 2^2J 
^l^BI^ czjflli- LrEh^j 20ID. [S 1 ] Oil M^OI Af£|Al nE}9} &± OiyH^ ^#01 

S^x-ll^ ^Ml ^ i^I ^SCHIAI 71-S ^ ^> SID. B £ AI CHI Oil Ai ^ 

ElM 4t5or2£D, ^orAI ^1 4^ E 2JQK 

DsOiL E 1011 EAIti" ^"01 SSz-i!^(37) ^011 ^ g=(39)# fiS^Q. ^7 1 4^ 3^(39)2 

um a-oi ^bi^tii mi^ 2^sd st,^7h g §i^£i ^^sqk 4 v 7i 4^ 

a^(39)S AI, His Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, Ir S2| g^Sf, Ti, TIN, TiAlN, TaN, TiSiN, 
WN, WBH, CoSi Eir W H^g ^^°|, RuO.^, RhCb E^ I r(fc§2| E2!^ a^°| E^ 0|M°l itf^ 

S 0I^CHX|71U, 4'E!^I MSfiD g s§5|l|- ^^M0| ES^I #BI4'BIE^0I ^^^^ 

aSS 0IS5|°S ^ SiEh. B ^AlOIIOiiAj^ fe^ TihRMU- ^^101 ESE! #BI4'BI^^ 

01^, ^'AlOtll 151-01 s ^j|^og ^§5r2AI^, B Dl CHI tfgEI^ 2101 0 r LI2, S 

g"S2| 7Ih^ Af^ v LH01IA1 §■ ^OWlAi g^2| Al^£^ 3 ^^OIU 7H ^fOI 7^5 fCK 



12-5 



^2001-0017820 



&£tt m\ ltt)l g ggg a^ai ±^ ga^og AFgEI^ g El 5 711 ss^, M3Q1 s^goi ES 
#EI£EI5°fM XHgl* tlH S70# g^Qfl 2J5H3 ^2*11^1 ^«SH2 S^M 

#71 s^fiD ^^71- g sb^s ^s&o. oi^ta tis, ^3^1°^ ^msm t*£M m ^ 

g^& 1. 4' El 5 71 PIS XIII S^; 

#71 Xill #0il ^§iii ^^£g «#S! °2xfl°^ 9! 

#71 SSSI^ #011 ^#£112 #71 ££1^31 72 M) S^fiQ S/tW^ S *112 

Di OI^CHXIS 21 § 6fe BJEH ±XK 

g^t, h 2. M\%m\ SlOiAL #71 82»S[S ST^DIs <^H, &?DIh T&A, BST, SrTiQ,, 

PbTiCt, PZT, PLZT, YA, CeQ r , NbA. TiCK, ZrO r , HfO^ SiO r , SIN, SiA 0IM2J £fc>og oi^CHS 

era 2<§ ^g^s eraa ^ak 

g^3. hi mm suhai, #71 wi2 g^sj, ngg ess i~ oissj 

£S OI^CHXITiLK £EI5?fl iifiQ g*^7h a ggstttt ^£M0| E£J£J lEI^Eie^OI 
£ S#3 0IS°|oj 2!M &EHI £Xh 

g^t> h 4. HI3SMHI SJOiAl, #71 Al, Ni , Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru E£ IrS 01 

^CHAIDI, #71 Hgg g^Sfg jj, jiN, TiAIN, TaN, TiSiN, WN, WBN, CoSi E£ «S OI^OiXID], #71 
E2# tt»S>S RuO-, RhOL E= IrO^ 01^01X1- 21# 192^ o|-= ^Exj] ±X[. 

«W 5. HUtMM 2J0IAI, #71 Hlb*2^ #CHI #71 H|l 191 ffl^SSAia #71 saflsra 

1^£it gOISKHI W 4 Si^ yg^OI e^EIOi ^9^^ m= ±7\[. 

6. *Ii5*KHI SiOiAl, #71 ^gt^s tfl^, ^Bl^ §5^ OIM£j 

7. XiimOfl SiCHAi > #71 S!Ah# g^Dfl 2J§Kfl 2# ^S^^ o[~ 

S^8. X1I T^WI SiDiAi, #71 Ssf«S ^tH CHI ^7^^ fflS7h^l ^x^^^ 

§^9. ^BI^TII ii^ ^#£1 9\ M Al £i 2^; 

#71 #(HI Piiiii ^^2:^ S#S 5!. 

#71 SSiaiSf- #Oil *J#E|H #71 ^EISTll MIS ^#^! S^MQI- S*^7F g 7HHAIE12J #^ 

g^th 10. M9Lm aOiAl, #71 #^ Hgg g^^> ES« 0|p2J i 

^S OI^CMAITiLK El 5? 711 USD ^'^7h ^ e^^HF i^IOl ^EI^EIS^OI 

^s ^#^1 ois^ei ^s^s uh^ uy^m ±xt. 

S=f& 11- X1I9^CH1 KOIAI, #71 ^f-^ 2^ #CHI #7| Zl^ S^HJ S3# S^gfFA!?) #7| SSai 

g^* h 12. JlllltHHI SiOiAl, #71 ygtfSfH 4»BI5 ^EI5 0JM2J 2 

g^* 1 " 13. X1I9*KHI SICHAJ, #71 Saai^s gj^g 2}t[0\ ^#£! °^2I 51 uh^ 

g^ 14. M 1 3&HHI SiOIAl, #71 £JAh# MbHCHl ^£7^£F Hi 37 1^1 ^Sol- 

= g-Se! iS2§ ^Ah 

g^ 15. 4*EI? 71 EN 

#71 £E|£ 71^ #Oil H J§ili sssioi SSS TilOl^ 13^; ^ 

#71 71I0IJB #0i| S#£II2 #71 ^El^ 7I5SQ g*^7|- s Til 01 M 2^1 5*^H31 OI^OiAl 

^ 2ii m~ e^Eai ^ak 

g^* 1 " 16. SM^Oil SiOiAl, #71 Til 01 S a=s =^51, Hgg ESS >y&e| E^ 0|^2| 

OI#OiXI7iU, £E.\^H\ gl'SD gt,^7h g fi^lf g^MOl ESS MEI^EIE^OI ^» 
egg OlS^o] 211 192^ §fe &E*il ±Xt. 

g^ 17. ^015*HHi aOiAi, #71 ^EI5 71 B #011 #71 ^El^ 7I5°J 34#iUI?t #71 711 

0 ,e §#1 gOimTii %? ^ as yga^HDI S#&ICH 21# ^S^S &E*« ^Af. 

g^* 1 " 18. ?3I17&1HI SJOiAL #71 °]"§ ^EI5 ifm^ 4'EI5 1' tf^ E^ 0112] s*t^2! 21 
1 ^9£S t[= BHEM ^Xf. 
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19. M 1 S^Oil SJDiAi, £71 TilOlM SS^S gsrgOil £JoH3 ««S 31 192 

g^ 20. SI19&NHI SJOiAi, £71 S»§ g^TgS ISbHOil a^7^2|- IHS7^1 §go> 

= 31 ^e«i 

g^t> 2i. bssi 7ie £oii ^ei^th wi s^s ^£oh~ btiij 

£7i »n #w 9§§ii £n^°^- ssmoi saa^s **stt= ewi; a 

£71 SSiflSt £011 £71 gEI57!l ii£ ^SS M\ S^SQ U4^7h S HI2 S^l ^SSfe 37111 
5*^1-01 Ol^OiXi^ 31 B!"E» ±7J2| fll^grg. 

g^ 22. Xfl21*HHI 2101 Al. £71 MH^S gfMlfe »*0I& *tffi», TcbOs, BST, 

SrTiCt, PbTiQ., PZT, PLZT, YrO., CeQ=, NhA, TiOr, Zrtfc. HfO-, Sitk, SIN, Si.M E^ 0112) ££>og 

di*ois era 31 ^sh^ b^es ^xhsj hssb. 

g^*f 23. H21&H aDIAL £71 M2 g*S>, g^Sh ES« £»sr ££~ 0I1£J 5 

tJHS «*&CTU, £EI57j| S3 MCI SS*7I- B IH^U g£SOI ESS 1EI£EI=°MD! £*l-^2 
5 4!«W= 31 192:^ Sfe ^Ex-il ±Xf£| Xil£^ . 

g^ 24. 3232*01 210IAL £71 Al, Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru E^ IrS 

*!S*KM, £71 Hgg 3*?SfS Ti, TiN. TiAlN, TaN, TiSIN, M, WBN, CoSi E~ E S«§Hfl, £71 
ESS 4*»atS R u o^ Rhtfc E^ IrtkS 31 f§£^ m= &EH :£XF£J fll^g. 

25. X1l21tMI SiCHAi , £71 Xill S^S B7J ^Oil £71 91 *R £Oil #71 83*0^ 

21 f^I gOloffll % h 4= 2i~ £>S»st* H SgSfe 31 1921 Sfe &ESI ^XF2J 

g^S 26. Xil 2h%m SiCHAf, 4^1 ySf^ ^£1= #2^, ^Bl^ §5^ E^ 0112] ^^2! 3 

28. SI27&J-01I SiOIAI, ^1 MhHOil ^7^£F Itig^S ^^2^ g^uj- 

g^S 29. 7HI21^CHI SiOiAl, ^S^fe B71I «H ^^X-|E|# ^t"ofe 31 i§£^ 

ofe ^Exil ^Xh£J Bl^g. 

g^ST 30. gHEfll ^IF ^Qi! ^ El =711 SSS ?1SHA|E1°J oh^ ^^oF~ BTfl; 

^1 tf^ 2^ 4 v 0il ^111 $^£S SStl-01 S3 fll^fS f^ofz E^Tjj; S 

ssai^ ^khi 4^1 ^ei^tii 13^ oh^ s^aa g ^ehaieiej ^ s^i s 

Soh~ B71I1 Eti^FOI Ol^CHXI- 31 i9£S oh^ ^Exil ^Xh^l a 

g^tT 31. 93C^01l SiOiAl, ^1 g^°|, Hgg ^DIh°|, ESS E 

^ 0I1£J ^SoFTiLK ^ El =711 13fiQ ^ lg5|2|- M=10| ESS lEI^EI^^ 

2^ ^^5^ 31 192^ ^fe aj-Ex-ll ^AF£j Xil^E. 

g^* 1 " 32. 930S-01I SiOiAi, £91 §^ S^l SS^u 3711 ^CHI £71 S=2j 531 S42£F 
Al?j £71 ^2X-]|°|£J ^£01 gOI^EH ?mZWm ^SoF~ 31 i§£^ ^-Exil ^^£J 

g^tJ- 33. 932&D1I SiOiAi, £71 2|-§5l-^ 4'EI5 ^ElE E~ 0113 ^fe^2J 3 

1 ^fe ^Ex-il ^XF£J 

g^ 34. WI30&»*£HI SiCHAi, £71 ^3X1!^ S^TBIOII 3 □ l-OI ^£§h~ 31 Sfe 

g^ 35. mmm %lo\m, £7i s^rffls ^woii ^7^sf ms7^i ^^2^ ssoi- 
~ gr^ej 31 m^s-g. tiz ^e^i ^xf£j mz^. 

g^S" 36. BI3C^(HI 21CHAI, £71 ^xfl°i B71I ^(Hl ^^x-IEIl ^t«^fe 31 ^§£5 

§fe ffEJI ^Ah£J »|S»B. 

g^* 1 " 37. £Ei= 715 £011 &§fil ^^2^ S2§FOj TilOlM §3e|i ^£th^ B7j|; g 

£71 TilOlM £0)1 £71 ££1= 7ISMD g*^7h 3 71101^ 2^1 S£o^ B71I1 StTohOI 01 

^01X1^ 31 19£S "i-Exl ^XF£J fll^S-a. 

g^* h 38. m7Lm SOlAi, £71 71I0IM USS ES£ ^ E~ 0I12J 

ZEt>-2S ^£UF71LK ^EIETII ^t,^7F ^ ll^Sh M^IOI ESS 1E|^E| = °|2S ^£ 

ofe 19£S t[~ ±XW 

g^7t> h 39. 7HI37SJ-CHI SiOIAI, £71 7{|0|M §3^1 ^£5h7l 2} Oil £71 4'EI5 7151 S4SaAI?1 
£71 71101^ 12B|oj *jg 0 ] goiehES ygt^l 31 1S£5 ofe &ESI 

g^tJ" 40. 93^011 SiCHAI, £71 ygt^g ^E|= &±\^, gEIS !»5f E^ 0I12J ^^21 3 
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41. SJOiAl, 4^1 >iiO|M 

«?«T42. aOiAd. 6^1 HOIS 
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